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FOREWORD

This final report details a two-month task to measure and analyze the photometric

characteristics of Echo I. This program was authorized under Amendment 5 of

Contract NAS 1-3114.

Mr. William J. O'Sullivan, Assistant-to-the-Chief, Applied Materials and Physics

Division, NASA Langley Research Center, provided techmcal direction for this

task.

The principal Goodyear Aerosp;_.ce Corporation participants are listed in alpha-

betical order. Richard H. Emmons_Harvey E. Henjum, C.L. "Bud" Rogers,

and Darrell C. Romick.
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ABSTRACT - SUMMARY

',; c)_t_bq_/
results and techniques of a program that exploited the realistic test specimenThe ¢

represented by the nearly four-year-old Echo I Satelliteby measuring itspresent

surface characteristicsare described. For thispurpose, the classicalastronomi-

cal techniques of photometric measurement were employed by developing and

utilizingequipment and procedux es for the measurement of satellite-reflected

light. The data obtainedthereby was analyzed to derive and evaluatethe desired

characteristics. Changes in specularity,reflectancedegradation, over-allsize,

and present shape of the Echo I s:,telliieare derived by thismeans.

In view of the time limitationsinvolvedand to assure validityof the results, it

was decided to empJoy visual,photographic,and photoelectricphotometry simul-

taneously. This permitted correlationof resultsand determination o[ the strong

points, weaknesses, and most appropriate use of each method. ( [luringthe pro- '

gram period, allneeded equipment was assembled and procedures _levelopedto

give satisfactoryoperation. Data was taken during every satisfactorypass with

suitableweather. The Russel phase-aI_gle-lumin_-_ncerelatlonshipwas used to

derive specularity-to-diffuseratio. Results obtained from analysisof thisdata

indicatedthatnearly allof the initialspecularityremairled,thatreflectancehad

decreased very little(lessthan 10 percent) over the four-year period in the earth-

orbitalspace environmenL and thatthe mean diameter had reduced very little

all_oughsignificantlocalsurface variationswere measured. C,_d correlation

existedin results obtainedfrom the three differentm_thods. A wealth of otner

informationbeyond the scope, objectives,and time limitationsof thisprogram

was al,qofound to existin the data (especiallythe photoelectrictraces)obtained.

The basic feasibilityof the method employed was proven, and the far wider

iil
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I
I inherent potential capability of these techniques, 'as demonstrated by this initial

venture into this technology. Therefore, the prograr:., was extremely successful.
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SECTION I. INTRODUCTION

The 100-footdiameter Echo I satellitewas successfullydeployed in orbitafter

launch from Cape Canaveral on August 12, 1960 (Peierence I). Itwas fabricated

from I/2-mil Mylar film with an outsidecoatingof vapor-deposited :durninum
o

nominally 2000 A thick. Therefore, the aluminized Mylar surface of Echo I has

been exposed to micrometeoroids and other factorsof the near-earth environment

for nearly four years. This represents a significantopportunityfor any charac-

teristicchanges to such surfaces to be developed ifthey were going to occur with-

in a reasonable time peric,d. Any changes in itsinitiallyspecular and high__yre-

flectingsurface would be of immediate value in the technologyof materials for

space applicationsand to the scientificstudy of the environmental factors.

Referc4ce 2 describes a firstattempt to determine Echo I'ssurface characteristics

by photometric means. The present report describes the effortunder Amendment

5 of Contract NAS 1-3114 to verifyand reIinethe resultsof the earlierstudy. The

raw photometric data from the earlier_-tudyhas since been subjectedto the digital

computer reduction, processing and analysisprograms appliedto the subsequent

data in thisstudy. This recomputation utilizedimprovements in both the orbit

and theory over thatused in the origizmlmanual processing of the data. The

originaldata was reprocessed in thisstudy for comparison purposes Ind has been

separately identifiedherein as obtainedfrom observed pass "number 0".

Table I presents the dates on which photometric observations were made of Echo

I. These observations were taken utilizingclear atmospheric observing conditions

: during periods ("windows") of visibility with wide phase rapge (see Figure 1).

Alternately in the morning and evening visibility periods, Echo I's trajectory be-

_i comes more nearly aligned to the sun, permitting observations over a wide range

1964019658-012
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I
I Table I. Photometrically Observed Echo I Passes

II I IlL I

I Pass U T Date Site Visibilit_rNo. 1964 Period Remarks

I 0 I March Evening Visual only
I 25 April Morning Visual only

[ 2 25 April ,_ Morning Visual only

3 26 April Morning Visual onlyo

O

I 4 2 May :_ Morning Visual.only=
5 2 May .o Morning Vicual only

I 6 3 May _ Morning Visual only
7 3 May <O Morning Visual only

v_

I 8 _IMay Morning Visual only
9 4 M_y Morning Visual only

I 10(1)(2) 28 May Evening Visual plus photoelectric

11(2) 28 May Evening Visual plus photoelectric

I 12(2)(3) --,28 May _ Evening Photoelectriconly

13 30 May _ Evening Visual plus photoelectric

I 14 (2)(4) 30 May O Evening Visual plus photoelectric

15(2)(4) 2 June _ Evening Visual plus photoelectric

I 16(2)(4) 2 June _ Evening Visual plus photoelectric

17 5 June Evening Visual plus photoele,:tric

I (I) Visual data not processed.

I (2) Photoelectric data not processed.
(3) Visual data not taken.

I (4) Visual data processed but rejected; large calibration a(battery problem).

I
2

!
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I
i of phase angles. The 0 pass wa_ observed in the evening, passes 1 through 9 were

observe _. in the morning, and passes I0 through 17 were observed in the evenir.g.

The approach used to best assure fulfillment of the objectives of t_,is program was

to employ all three of the classically developed methods of photometric observatAon

I utilized by conventional astronomy. By using all three for this new application to

satellite photom('ry, developing suitable instrumentation and techniques for each.

I it was possible to explore and partially evaluate the relative suitability and validity

of each method, as well as to cross-correlate the results of each appropriately to

I yield maximum validity and accuracy to the final results. Accordingly, the visual

photometric observations were always backed up by simultaneous photographic

m observation, and as soon as the photoelectric equipment could be placed in satis-

factory operation, all three methods of photometric observations were employed

I simultaneously.

Two sites were employed for the observations: Smithso,ian Astrophysical Ob-
servatory (SAO) satellite tracking station No. 8544 and the Goodyear Aerospace

I Satellite Photometric Observatory (GASPO) site (see frontlsp,ece) at Goodyear's
Wingfoot Lake (WFL) facility. Figure 2 shows the latter s,,e and location. The

coordinates of these sites are given in Table II.

The symbols and terms used in this report are given in Tab!_ IIT

!
Table II. Observing Site Coordinates

Site W Longitude N Latitude Altitude (MSL)

n SAO Station No. 8544 81 ° 24' 42.0" 40 ° 52' 44.9,' 350 meters

i GASPO (WFL) 81° ?2' 05" 41 ° 00' 54" 360 meters

I
N

1964019658-015



GOODYEAR AEROSPACE

SECTION I. INTRODUCTION GER 11648
t t

C_

O

.,C

1964019658-016



I GOODYEAR AEROSPACE

I SECTION I. INTRODUCTION . GER 11648

I
I Table III. Symbols and Terms

II I I [ .I

I SymUo]/Term Definition

a Constant used in calibration equation

I b Coefficient used in calibration equation

k Atmospheric extinction coefficient (Am)

I m Extra-atmospheric stellar magnitudo

m 0 Satellite m, adjusted for earth albedo and normalized to 1000 st

I mi range
n',sp Indicated specular magnitude; m 0 less diffuse contribution

I pe Probable error
r Correlatmn coefficient

I t Student's t test, time
z Angular zenith distance (degrees)

I A Weightiltg coefficient for optically specular reflection, area

B Weighting coefficient for optically diffuse reflection

I D Distance (miles)

Dec Declination (degrees)

I E Illuminance

E0 nluminance of a zero magnitude star

I E s llluminanceof the su,,at earth's orbit

F Function, luminous flux

IR Instrument reading

R Satellite radius (feet)

I RA Right ascension (hour angle)

R c Satellite radius of (compound) curvature tteet)

i UT Universal time (day, hour, minutes, seconds)

X Effective number of zenith atmospheres

I
6
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Table HI. Symbols and Terms (Continuecfi

Ill I• I II I Ill I

Symbol/Ter m Definit ion

7 Coefficie.at of reflectivity

a Standard deviahon

Satellite phase angle (0 deg when "full") (degrees)

Angular velocity, relative

Illuminance The luminous flux incident on a s,_rface per unit area;
E : dF dA.

Luminosity The luminous flux density emitted by a remote body

Magnitude (stellar) The arbitrary brightness measure assigned to a
celestial body in accordnace with the relationship

m = -2.5 log (E/E 0) where E0 is an arbitary luminosity
represented by zero magnitude

Heflectivity or The ratio of the intensity of the light reflected by a sur-
Reflect,,nee face to that of the incident light falling upon it

Specularity _egree of specular reflectivity. Usually expressed in
percentage of total reflectivity, meaning that portion of
light reflected in accordance with the laws of (specular)
reflection: i. e., the angle of reflection (with the plane of
the reflecting surface) is equal to the angle nf incidence.

Dfffusivity D_._ree of diffuse reflectivity. Usually expre_ _ed in
percentage :f total reflectiwty, meaning that po_ ion of
light reflected in accordance with Lambert's cosm_ law
of diffuse reflection; i. e., the radiant intensity of a
plane surface area falls off as the cosine of the angle be-
tween the normal to the surface and the direction of the
observer.

Regression (equations) The statistical relationships used to find the mean or
most probable values among samples invoivlng two or
more related variables, and thereby def_,:_ing the "lines
of regression" (a terminology _generated by its original
applicahon to hereditary genetic distributions).

1964019658-018
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SECTION II. THEORY
T

A. GENERAL

The present investigation, like that of Reference 2, is a new application of the

establishtd ucience of photometric astronomy. From careful measurexneDts ul

tile intensity of sunlight reflected from an artificial satellite, various i_derences

can be drawn concerning the present condition of its surface. In the photometric

study of the Echo Isateilite, the first consideration was to determine, if possil)le.

the extent to which Rs initially specularly reflecting surface had become roughened

or diffuse-reflecting during its almost four-year exposure in the near-earth space

environment. For this analysis, the following assumptions were made:

(1) The diffuse component in the sunlight reflected from Echo I will obey

the Russell phase function (Equation 1), or will not deviate from it to

an extent that would significantly affect the conclusions.

(2) The earthshine component of the light reflected from Echo I is equal to

that predicted on the basiz of a spherical specular satellite.

B. MICI_OTEXTURE

The diffuse reflection determination is referred to as microtexture analysis. The

distinctly different el_tical behavior of specular and diifuse spheres is al_p_rei_, b

- simply comparing a shiny Christmas tree ornament with a snowball.

A specular sphere has a convex mirror surface that provides a small image re-

flection o¢ the sun, equal in "brightness"* regardless of the viewing angle.

!
N *llluminance.E; stellarmagnitude = -2.5 lOgl0 (E/E0).

8

I
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ZENITH

o •

NIGHT

Figure 3. Satellite Phase Geometry

For a 50-foot radius specular sphere, the sun's iLuage is only 2.6 inches in di-

ameter. A diffuse sphere in sunlight exhibits "phases, " like the moon. The inte-

grated light from the diffuse sphere is a function of the "phase angle", 0, defined,

as the angle at the sphere between the light source and the observer {zero whon

phase is "full") (see Figure 3).

H.N. Russell (Reference 3) provides the relation between the observed brightness

and the phase angle for a perfectly diffuse sphere that obeys Lambert's Cosine

Law of Reflection*:

*This law states that the reflection from a sm:_ll area is proportional to the pro-
duct of the co:_ine of the angle between the incident light and the normal to the
surface and the cosine of the angle between the normal and the direction to the
observer.

1964019658-020
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I
I The indicated specularity is then A + B (5)

I Before Equation t may be applied, however, the reduced observed satellite magni-
tudes must all be further processed to

I (1) Correct for atmospheric extinction.

I (2) Normalize to a uniform satellite distance (herein, 1000 st mi).

(3) Correct for the centribution of earth albc<lo.

I The first of these corrections depevds upon the atmosphere's ze,.:ith filter factor.

k (expressed in magnitudes), at the time of the observations a:td the effective m,'m-

I ber, X, of such atmospheres through which the light passes. X is a function of

the object's zenith distance, z. This function is given, together with a discussior.

I of the determination of k, in Section Ig, "Calibration" paragraph.

I Normalization of the photometric data to a uniforna range is accomplished simply
by applying the inverse square law at illumination to the illuminances, first having

I determined the satellite's slant range at each observation time (s'_.e Section tII,
"Calibration" paragraph). The correction for the contributmn of th._. earth's

I albedo ("earthshine") for a specular spherical satellite is a function oi the sato.1-
lite's orbital heigh! and central angle from the sun (Reference_ 6 and 7). Figure

I 4,taken from Reference 6, presents the magnitude increments based on a 0.37
earth albedo and a specular spherical satellite.

I Note that the indicated specularity resulting from Equations 4 and 5 is virtually

independent of calibration index errors that might uccur b_,tween observed p_sses

I of the satellite, permitting observations throughout various passes to be salely

accumulated in the ref-ression solution.

I
I
- 11
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Figure 4. Stellar Magnitude Increment of Speculr.r Spherical Satellite
d,_e to Earth Albedo

12
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I
I C. MACROTEXTURE

The second ccnsideration in the photometric study of Echo I was to obtain mean

I and local effective radii of (compound) curvature: Rc, of the satellite and to note
extreme values. This is referred to as macrotexture measurement and analysis.

I Having determined the diffuse-reflecting weighting coefficient, B, in the preceding

microtexture analysis, it is now possible to remove from the normalized magni-

B tudes the contribution of diffuse reflection in each, -2.5 log 2/3 B F(tb), to obtaili

i purelyspecularmagnitudes,msp. Ifa reasonablevalueforthespecularreflec-tance*,y , isthenchosen,theradiiofcurvaturecan nextbe determinedfrom

therelation(Reference8),

I
Rc(ft) = antilog(+ I.6776 -0.5 logy -0.2 rasp). (6)

I Sincelaboratorytestsofmildly"aged"aluminizedMylar yield_,valuesbetween

i 0.80and 0.85, a _),of0.83 was chosenfortheR e determinationsherein.
A thirdconsiderationintheEcho Iphotometricstudieswas thereflectivity,y ,

I itself.

Sincetheobservedilluminancesdepend on bothy and Rc (seeEquation6),one

_ may be obtained only if the other is known or assumed. From the previously dis-c
cussedmacrotextureanalysismethods, a mean radiusofcurvaturecan be ob-

I:o tait,.ed,assumir)g_ = 0.83. Alsoobtainedwere localradiiofcurvature,the

t _ rangeand variabilityolwhich may be examined inlightoftheoriginaldesignand

o _ availablematerialforgross implicationsfora possiblenew mean radiusof

curvature. For example, ifallthesomewhat randomly "observed"radiiofcur-

[ vaturewere firstfoundtobe much greaterthanthedesigned50 feet,thepre-

viouslyassumed valueofy couldwellbe challengedas beingtoo small.

I
*Nottobe confusedwithspecularity.

I
13
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Macrc ext_re variatigns do exist, and neglecting material stretch, these would

tend to' reduce the true meal_ R c below 50 feet. On the other hand, there is dan-

ger that satellite stabilization might act to bias the observed areas from the true

mean R c. The logical solution (within the scope of this program) for the problem

of reflectivity was to provide a parametric solution of y against R c. Very fortu-

nately for the analyst, the results of this study tend to relax the ambiguity in the

reflectivity, providing moderately high reflectivities even at what wa:; regarded

as a reasonable upper limit mean radius of curvature.

Ahnough the specularity determination was virtually independent of between-pass

_.ndex errors, this is not true of the macrotexture and reflectivity analyses. Con-

siderable c_re "a,as taken during the calibr_.tions tc minimize this problem, and

some processed data was later rejected on the basis of apparent index error. It

is believed that any remaining between-pass index error_ of the data used do not

signiiicantly affect the conclusions of this investigation.

14
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i SECTION IH. INSTRUMENTATION

I
i A. VISUAL-COMPARISON PHOTOMETER

The visual-comparison photometer used in thisinvestigationis detailedin Figure

I 5. Itis shown in actualuse in the frontispiecephotograph. The rotatingpolar-
izingfilteris controlledby the Microd!al, adjustingthe brightness of the com-

I parison point of light to that of the reference star (during calibration) or to the
satellite. Upon achieving a match in brightness, the observer says "m3_'k",

I which is Ficked up by a nearby microphone together with Bureau of Standards time
signals from the short-wave radio set to WWV. and tape recorded. The digitized

I hlter angle provided by the Microdial is then read into the tape recorder with the
aid of a red-filtered flashlight. Between observations, the filter angle is returned

I to zero, requiring a completely independent "hunt" for the next brightness match.
An experienced operator can make and read-out observations as frequently as

I five times per minute, although it is not felt desirable to try to maintain such a
high data rate. Experience during actual calibration against reference stars in

I various parts of the sky yieldsstandard deviationsas low as 0. 14 magnitude, de-
pending sensitivelyon the photometric uniformity of the atmosphere. Where pre-

I calibration and post-calibrationobservations throughout the sky have been com-
bined, the resulting dispersions increase to about 1/4 magnitude, one case

I reaching 0. 326. Since the satellite data was taken in between the calibration
periods, k is reasonable to assume that the satellite data is not subject to these

I extreme dispersions.

B. PHOTOGRAPHIC BACK-UP

I
A tripod-mounted, 124 ram, f 4.5 Kodak 616 roll film camera having a field of

|
15
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0 01-IN TARGET FILTERS

APERTURE

/ SWITC H

ND - 050 NC, 079 NC : 200
% * 1 25 % - ' 75 % : - g O0

9-V GRAIN OF WHEAT BULB i,,_0_£

POTENTIOMETER FOR ELECTR'C N [. NEUTRAL DENSITY

READOUT FOR OPTIONAL AIJ"ro-

MATIC RECORDING MODE

5- Bh. 5 IN ROT,&T_NG

_ // POLARIZING FILM

Figure 5. Visual Comparison Photometer for Bright Satellites

16
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view of approximatc $ 30 x 45 degrees was used with Verichrome pan film (ASA

rating 125) to record the Echo I trail against star trails during one- and two-min-

ute sequential exposures during the pass. Figure 6 is a two-minute exposure

showing Echo I passing through the Big Dipper's handle. Over 50 such photo-

graphs were taken during the program. Resolution achieved was well below 100-

second arc, judging from the clean trails obtained of both components of the

"double" star Epsilon Lyrae (separation 207 seconds1, as can be clearly seen with

a magnifyingglass.

Times of"shutteropen"and "shutterclosed"were taperecordedalovgwiththe

superimposedCHU or WWV radiotime signals,thusprovidingadequatetracking

informationtocheck and, ifnec_.,sary,slightlyamend themean anomaly equa-

tionoftheacquisitionorbitalelen_entsfurnishedby SAO forsubsequentphase

angle,_levaticw,and slantrange determinations.

The Echo Itrailpho4ographsalsoprovideda back-uprecordofgross brightness

variations.These photographshave alsobeen examined tocoldirmtheabsence

oflocalthincloudeffectsupon thephotometricdata. Severalinstancesofbright

star"sideswipe"were recordedon thephotographs,and photoelectricdataat

thesetimeswere notused inthe analyses.

Figure"lisan enlargedsectionofa photograph(frame"/,roll6)takenduringpass

? from 08h 47m 20s to08h 49m 21s UT on 3 May 1964from site8544, whilethe

satellitewas moving from RA 23h 3_m Dec + 15.9° toRA 23h 55m Dec + 08.5°.

Carefulvisualcomparison under magnificationofthedensitiesofthe Echo Itrail

inthevicinityofitsintersectionwithstar82 Pegasiand thetrailsofthestarsin

Table IV indicatedthattheEcho Itrailatthispointhad thedensityequivalentofa

solar-type (G2) star of magnitude 5.2.

The possible effect of the different displacements of Echo I and these stars from

theopticalaxiswas investigatedand foandtorangefrom 0 toonly0.02 magnitude

on thebasisofthefourthpower ofthe cosine,and was thereforeneglected.
17
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Figure 6. Echo I Passing through Big Dipper's Handle (Inset
Shows _ Lyrae Double from Roll 1, Frame 3 - See Text)

18
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I Figure 7. Echo I Passing near Star 82 Pegasi

!
!
I
!
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Table IV. Reference Star Data (for Figure 7)

II I

STAR SPECTRAL CLASS VISUAL MAGNITUDE

66 Pegasi K4 5.28

70 Pegasi G9 4.67

77 Pegasi M2 5.39

82 Pegasi A2 5.39

The resulting 5.2 magnitude is to be compared with +2.32 obtained from the

visual photometer at this time, the difference being attributable to the angular

velocity ratio between Echo I and thf. reference stars. The average mean angul_,J"

velocity ratio can be readily approximated by measuring the relative lengths of

the satellite and star trails when the satellite trail limits are both available on

the photograph. In this instance, the angular velocity ratio had to be computed,

and the result was 17:1.

The theory of trailed images (Reference 11) leads to the conclusion that the dd-

ference in photographic magnitudes resulting from different angular velocities is

simply

m = -2.5 lOgl0 (Wl/W2).

On this basis, the magnitude increment that would be expected from an angular

velocity ratio of 17 i_ -3.07, which appears too large. Agreement between the

photometric and photographic magnitudes can, however, be attained by instead

applying a (_1/_2)0" 93 correction, resulting in a Am = -2.86. This empirically

determined (_1_2) 0" 93 correction was found to give excellent agreement with

2O
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visual photometric measurements in three additional applications, leading to its

use in the final pass (17) to establish an additional point at high-phase angle. This

'_hotographic point" is shown plotted with the visual photometric data for pass 17

but was not included in the machine analysis for specularity.

Figure 8(A) shows a microdensitometer trace down the Echo I trail of Figure 7.

Note that the interference from the several wires in the photograph are easily

seen. Similar dat_ is shown in the trace of Figure 8(B). Although the use of

the microdensitometer for this investigation was briefly explored, results were

, uncertain, and it did not appear feasible to pursue this ,_pproach within the scope

of the present program, although the possible potential value and information

content of this method were indicated.

C. PHOTOELECTRIC INSTRUMENTATION

1. Telescope

The basic sensor element of the photoelectric instrumentation consisted of a tele-

scope of optimum aperture for first or second magnitade work, mounting, a photo-

multiplier along with suitable guide and acquisition telescopes. The telescope

used was the "Galactic" model distributed by the Lafayette Radio Corporation. Of

basic interest is the 910 mm focal length with a 76. 2 mm clear aperture for the

primary telescope and the 500 mm focal length with a 42 mm clear aperture for

the "finder" telescope. The telescope and associated parts are described in Fig-

ure 9. The 76. 2 mm telescope was used for photoelectric light gathering,and the

iJ 42 mm telescope was used for tracking. Visual angles of from 0. 3 to 2 degrees

were attainable on the tracking telescope from the eyepieces furnished with the

telescope and without recourse to the 25 x magnifier. The 20 mm Huygen eyepiece

with a visual angle of 2 degrees was found to be suitable for use in this application.

An additional te]escope with a visual angle of approximately 7 degrees was incor-

porated as an acquisition aid and substantizlly increased the continuity of coverage.

21
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i _ 2. Ob_echve cet_

3. _eles:ope tube

3__/-_ 4. Telescope tube t runn,on slee .... t h

"_ j_l_ '_ " c'ornp screw

i " I 5. Eye end
6 [yepie:e d;awtube wdh tack and pinion

4 motion

_2 7. _scrO focusing knob for eyepiece

i 13 8. 31or dlogono_9. Eyep,ece adapter

10 10. Eyepiece
| 1. Decl notion axis

' I R 9 12. Clornp lever for flx,ng the telescope to

6 the Declinahon axis

20 13. Der.hnotion circle
J4. Adiuslable counter-pOise of lhe telescope

w,th respect to the polar ox ;t _aolanceweight)

15. Slow motion in _echnahon

i 16. Polar ox;s
17. Slow motion _n RigJ_t Ascension

23 18, Hour circle

19. Tripod head wdh edlustrnent 0n Lohl,Jde

I 20. Clamp le,,er fixing the mchnotion of
the polar axis

21 F_nder telescope

22. Two sechon woc, den f_eld tripod

I 23. Tripod reinforcing bond
94. Accessories tray

_5. Sun d_agonol

76. Eyep,ece (HM 6rnn 0

i 27. • _HM 12,Smm)28. • (H 20ram)

29. Sun-glr_ss

30. Ere ct"ing prism

J 31. _un prole¢ting screen32. Wooden caroling case

i _ 32
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I Figure 9. Components of the Telescope
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The problem of dew deposit was minimized by slightly elevating '.he temperature

of the telescope assembly via the use of household "gutter cable" as a distributed

heating element.

2. Photoelectric Adaptation

The primary telescope was adapted for photoelectric use through addition of a

photoelectric detector assembly at the eyepiece draw tube. The detector assem-

bly used was Shoeffel Instrument Co model D-500 and incorporated an RCA 11)21

photomultiplier tube. Leads were lengthened to 8 feet to allow full telescope

traverse, and the original mounting tube was replaced with an alumi_Lum adapter

mount specificall_ designed to accommodate insertion of a field (Fabry) lens and

a filter selector bar. A further adaptor tube was designed to mate the mounting

tube to the eyepiece draw tube and accommodate field selection via graded aper-

ture holes in the focal plane of the telescope. An adapter to permit interchange

of the photoelectric system with the 42 mm telescope was also fabricated for pos-

sible alternate usage. Design was based on the following criteria:

(1) Focal plane - field selector congruence at near mid-range of rack and

pinion adjustment for both telescopes.

(2) Nominal adjustment of field lens at center of adjustment range.

(3_ Accessibility for testing and adjustment as required.

The fabricated pieces are shown hi Figure 10.

3. Optical Design

Design of the optics of the photoelectric system was directed toward meeting the

requirements of (1) obt_tnir_ a suitable size image of the objective lens on _he

photomulUplier cathode, (2_,providing for suitable field of view via aperture

selection, and (3) obtaining suitable color match with visual observations.

2
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I

I F////_/I/I//_
PHOTOMULTIPLIER FABRY .

I ,v,oHO_S_%,_,._s ,_0W_'_R
TUBE TELESCOPE

I MOUNTINGADAPTER

I
I Figure 10. Adapter Assembly for Photoelectric Equipment

!
The size of the objective image on the photomultiplier cathode is iuitially con-

I sidered wi_h the Fabry lens assumed to be exactly on the focal plane (910 mm
from the objective lens). The field (Fabry) lens chosen was a Jaegers 18 mm di-

I ameter lens with a focal length of 49 ram.

The effective focal length of the field lens for a real image of the objective is

I calculated as follows:

i 1 _ 1 1fe ff fo

!
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I
_. 1 1

- 49 910

= 0.0204082-0.0010989

= 0.193093.

fe --51.79mm.

The image sizesI.iscalculatedby consideringthecentralray throughthelens

inthefollowingmanner:

__L

, ¢T t _,o I
i_- ---1Sl.79

I 51.79- 910 (76.2)

= 4.34 mm

= 0.171 inch.

Sincethefieldstopmust be loc_ttedinthefocalplane,the Fabry lensisactually

locatediltapproximately922 mm from theobjective.The realizedimage isthen

calculatedas
i

1 I I

=_ - 92_-

= O. 19323.

feI = 51.75.

(51.75)(76.2)• iI -
' 9_2

= 4.27 mm

i = 0.168 in.,

26
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I
I which is compatible with the projected region of best collection for the 1P21 photo-

electric tube as shown:

I

'!

I ql P-°''"
L_,,M T

I
!

The field of view at the aperture stop is calculated using the central ray _rough

I the lens as follows:

[
OBJECTIVE

I _ ,,o d t
FIELD STOP

I
TAN _ . -gTO-

I

i
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The following tabulation indicates field stops and corresponding fields of view as

incorporated in the slide mounted i,_ the main adapter tube:

Relative
d (mm) _b(degrees) Field Area

16 1.007 16

11.3 0. 713 8

8 0. 503 4

5. 6 0.353 "

4 0. 252 1

In use, sky background brightness made using the large'r field stops undesirable.

Twenty-two millilambert radioactive phosphorescent light sources were procured

from Dial Service and Manufacturing Company of Cleveland and installed behind

these slide stops, thus allowing a system gain check to be made as part of the

regular operating, procedure.

Since a comparison between visual and photoelectric measurements was required

for this study, filter type GG14 obtained from Fish and Shurman v/as used for all

photoelectric measurements (although the other filters for the U, B, V system

were also mounted in the filter slide). This filter effectively limited the photo-

electric response to that characterized by the visual spectrum.

4. Electronic Instrumentation and Recording Equipment

Instrumentation for the acquisition of data is shown in Figure 11. The M600

Photometer provided high voltage for the photomultiplier tube and initial stages of

amplification. The Brush Amplifier model BL530 provided additional adjustable

amplification and the Dual Channel Recorder,. Brush model BL202, allowed _t

permanent record to be made.

28
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I
I PHOTOMETERHEAD TELESCOPE

!

I BRUSH i":_LiSH

I IRECE'vE_ BL_O BL?.02

I SX42I_,

I
SPEAKER

I Figu;'e11. PhotoelectricInstrumentation

I
WWV signalswere receivedsolidlyon eitherthe 10 mcs band or the5 mcs band

I throughuse oftheHalli_raftermodel 8X42 receiver.An envelopedetectorwas

requiredtobe insertedbetweenthereceiverand therecorderamplifiertoprovide

I forproperpet"response.

I (Y.heraccessoriesthatprovidedu_efulinformationduringthetestwere themag-
neticrecorder,microphone,and variablespeed motor controlfor"aided"track-

I ing.

I
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5. Acquisition and Tracking

Acquisition and tracking of the satellite during most of the runs were by manual

means, although motor-driven aided tracking was also provided. Figure 12

shows the various freedoms available in the mount.

The plane best fitting the satellite position locus and Lne observer is estimated

using the altitude and aziximth of the satellite at culmination. The telescope and

its various freedoms are fixed in accordance with the figure. Tracking is then

attained with right ascension variation and small amounts of corrective changes in

declination as the pass is monitored.

The tripod mount did not allow this mode of operation for overhedd passes in that

mechanical restriction of the telescope was present when _ approached 90 degrees.

A corrected movnt was designed but not implemented during this program.

Control of the tekescope position was attained by presetting the friction forces on

the declination and right ascension restraints such that the telescope could be

manually moved through the positions required for satellite monitoring throughout

the pass.

In this mode, control with the 5. 6 mm stop was such that almost :ontinuous moni-

tor could be attaine<L The 4 mm stop would allow about 80 percent monitor and

was used on NASA pass 13, since periodic background illumination level readings

are necessary ior data reduction.

Aided track with a drive on the right ascension freedom axis was used during

initial phases of monitor and allowed an estimated 2:1 increase tn control accuracy.

This mode _taL nct used in acquiring data for NASA passes 13 and 17 because of

mount restrict:.-,ns on high-altitude passes as mentioned above.

30
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I _ _ A-PHOTOELECTRIC TELESCOPE

B- TRACKING TELESCOPE

II c- ,_co,.,,,_,,.,_TELESCOPE
,,, 0-OE,,._T,ON,:REEOOME:- ,_,_,,TASC_,O,.,F,_EEOO,,,,

I I G - CLUTCH

I _ H - MOTOR - GEARHEAD._-,._TAS_E.S,O,_,_OLEJ-ELE_.,.,ON,:,_EEOO,_
I ,_-AZ_UT,,F,_EEOO,_

!
i F gure 12. Telescope Mount Alignment Features
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6. Calibration

Calibration of all data was made with respect to star magnitu:_e_, Linearity of the

amplifiers, gain drift, and zero drift were monitored and incerp_rated into cali-

bration where required. The radioactive light source was used to illuminate the

photomultiplier before and after pass 17 to confirm that over-all system gain had

not changed. Readings of "zero level", amplifier calibration, voltage level, and

adjacent sky background level were interspersed during data recording to provide

adequate calibration data.

Several special checks are required to ensure that correct "Fabry" action is be-

ing u_ilized in the telescope optics. Ficst,the field stop aperture must be located

at the focal plane. This is checked by slipping off the photoelectric head and ad-

justing the rack and pinion for a clear star (or other light source) image on a

piece of wax p_tper temporarily bonded to the aperture. The second special check

is to pass a star through the field of view at a constant rate. Various adjustments

of Fabry lens distance are made until maximum slope on the record at the field

edge indicates correct positioning of the objective image on the photo_v._ltiplier

cathode.

32
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SECTION IV. DATA PROCESSING AND ANALYSIS

A. GENERAL

The reduction and analysis of the observational data obtained required first putting

the data in a point tabulation form, i.e., reducing it to a series of d_a points

for each pass in the form of values proportional to the light received at the observ-

ing se_sor from the satellite or calibration star. Next, use of the calib,.-ation star

readings and the associated geometry of the observations mu_t be normalized to

comparable extra-atmospheric magnitude values. Then the resulting data must

be processed and analyzed to extract the desired satellite surface characteristics.

The data flow, shown in Figure 13, is described in the following p,",r_graphs.

B. DATA REDUCTION

The visual photometric observing process utilized gave da(a point readings pro-

por _.tonal to the observed object directly from the recorded Mtcrodial readings.

However, where the observational data is in the form of ra_ signal traces or other

output, as in the case of the photoelectric method, it must i_: reduced to such

data point readings.

Data readings are made from the recorded sign J trace with several points in

mind:

(I) Desired readings must be in ternm of the addltlon_ light in the field

which is generated by the satellite (or star) only.

(2) Scintillation is present because of the small telescope used.

(3) Macrot,.xture varlatton is present because of variation in _urvature of

the satellite surface.

33
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INPUTS
CALI_,RATION STARS SATELLITE DATA

_.k _ :
Star Identity Dote Time Instrument Reading (I R)_ Position

L

I
SATELLITE

Magnitude (m)
Long;h_de
Latitude

_._ Right Ascension (R_)

["eel """Jtlo. (_e¢)
,)Janl ... ,fie (SR)

AIt;tucle An_;e (ALT) -- Degrees
Azimuth (AZ)
Height Ill) -- Miie$

Phase Angle (O,',)

"l_orma!izecl" Mognitude (m0)

.... i__
Specutority • Ai/(A+ 8) ANALYSIS AND
Rc INTERPRI'_TATION

Rc ' OUTPUTS
Reflectivlty (l_romottic Soh,,_) -- )t

I Figure 13. Data Flow Diagram
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I
I (4) The instruments are operated such that linear gain characteristics are

attatn_ _

I (5) In some areas of the _ky, thin cloud cover could be present although

not vt:,'ibie to the observer. This may lead to throwing out of one or

I severa.1 of the caUbration star data used in obtaining atmospheric trans-

i mission coefficients.
The type of data recorded by the equipment is shown in Figure 14, which shows

I typical star calibration data recorded on NASA pass 16 and satellite luminosity
data recorded on pass 17, including its eclipse in the earth's shadow (bottom line).

I The WWV radiotime signaltraceisrecordedabove each datatrace.

Nctev'orthyfeaturesofthistypicaldataare thecalibrating_taridentification_io-

i rations (Regulus, y Leonis), the gain setting notRtions (e. g., "11-6" - n,eaning
the amplifier gain range settings of the photometer and d-c signal amplifier

I feedingtnerecorder,respectively),thesky b_ckgroundlevelsrecorded(and

noted)atappropriateintervals,and thecalibrationlevels{labeled"caP'inthe

I notation).Zero ;o'_elsettingsare alsorecordedperiodic_lly(seeFigure15).

Alsonote _ pu._e(orpip)recordedeachsecondon thetime signaltrace,p_.us

I WWV identifying code, coded time indication, voice modulation (giving same in-

formation), and resumption of 440-cycle modulation tone following this, with the

I superlmpo_ed1-secondintervalpulses.

I R ca_ ._?,totedinthisdata(especial!vthe "_ntertraceofFigure14),aswellas•.,,__ .otographtcphotor_etrytrace(Fi_jre8),thatthereare threedlstlvctfre-

I que._cieso0serv_bleinthe tightoutputsignaltrace. One isa relativekyhighfre-quencyofabout4 to6 cyclesper second,representingscintillationei_fects.An-

i otherisa medium frequencywitha periodof,_round5 to8 seconds,while_ thirdlowerfrequencyvariation,_.ppearstohavea periodoffrom 15to20 seconds.

I There are also othe_r variations, _ut these latter two must surely represent

35
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!
I effects of the satellite surface geometry (macrotexture), position geometry, and

attitude dynamics. Since the investigation and analysis of these aspects were be-

I yond the scope of this program, the main consideration here was to utilize data
reduction and analysis techniques that would eliminate their effect.

I processes, several examples of typical data
For illustrationofthedataread-out

used incalibrationand duringsatellitepassesare shown inFigures15through18.

I can be seen inthesefigures,superimposedlinesare drawn representingaver-
As

age signallevels(thusexcludingthehigherfrequencyand scintillationvariations)

I atfrequentintervalsalongthesignaltrace. The readingsforseven typicaldata

points(15through21)and two caJ'bratlonstarlevels(representingtwo gainsetting

I levels)are shown, alongwithtime referenceindicationson thecorresponding

time signaltraces.

These signal levels are then measured with reference to the "cal" level (see sig-

I nal traces) from the sky background level base line and "zei'o" levels (also shown).These data readings (along with their gain se_tings) are then tabulated, and in

i succeeding columns manipulated in accordance wtth the calibration equation. Thisdata forms the input to the computer programs, and the reduction process pro-

I ceeds from this poivt identically the same as with each metho&
It can be seen that several factors t,_ the received light intensity (and resulting

I signal) contribute to the accuracy li:mits to which the data can be read. For ex-
ample, the macrotexture contribution to confidence limits is quite evident. Fac-

I tors that might be reduced and approaches are as follows:

(1) Scintillation: By use of a larger telescope.

I (2) Amplifier gait. and zero drift: By true differential signal handling or

I chopping in the focal plane.
(3) Tracking alignment: By error driven mount.

!
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I Figure 15. Satellite Data Illustrating Reduction Point Selection and Macrotexture

/

I
.i

I ___.I.- -__I----N- --

Figure 16. Star Calibration Illustrating Gain Settings, Sky Reference, a_d Sc llation
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i Figure 18. Gain Change (P,.5) with Radioactive Source
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!
I (4) Thin cloud _, "ors: By continuous monitor of sky background.

(5) Limited ut_llzatio,_ ox data: By power spectral density reduction of data.

I
| The method used inti_isprogram to minimize these effectswas to utilizea num-

ber of runs and to process a relativelylarge number of pointsflom each run to

permit segregationof the data variationsfor the analyticalpurposes intended.

They the regression equationswere appliedto serve as a curvo-fittingprocess

according to the physicalconditionsinvolved.

C. ATMOSPHERIC EXTINCTION AND INSTRUMENT CALIBRATION

Ph.vtoi_eti ic c,_ervations of identified first, second,and third magnitude stars in

various parts of the sky were made before and/or after each observed Echo I pass

for the p_Irpos.-, of calibration and extinction coefficient determination. The ele-

vation of each star at the precise time of the calibration observation was then de-

termined within I[2 degrce, uhlizing its local hour _mgle and declination (Refer-

ence 9).

The visual extra-atmosphere m_g:dtude of each reference star was thei_obtained

from Reference 10. A separat_ inrestigationrevealed thatthe star'scolor index

had no significanteffectupon the calibration.

For the visualphotometer, a plot (Figure 19)of the raw calibrationdata on semi-

log paper indicatedthatthe instrument readings could be well fittedto the follow-

ing regression equation:

m = a + b log10 (IR)- kX,

where

m = the extra-atmosphere magnitude,

IR = instrument reading,

k = the _gtinction coefficient (1 atmosphere),

X = the effective number of _ttmosphe_'es,
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= sec z - 0.0018167 (sec z - 1),

- 0.002875 (sec z - 1)2 ,

- 0. 0008083 (sec z- 1)3 (Reference 9),

a=,d where z = zenith distance (90 deg - elevation).

Least-square best-fit solutions of this regcession equation for a, b, and k were

then performed for each of the calibrations. The results are presented in Table

V.

The photoelectric calibrations were similarly fitted to the equation m = a - 2.5

log (IR) - kX, and the results are given in Table VI.

D. COMPUTER PROCESSING AND ANALYSIS OF DATA

Data processing ,=ndanalyses were highly automatized by thle extensive use of the

IBM 1410 computer. The calibr_!on equations for both the visual and photo-

electric photometers having been determined as described in the preceding sec-

tion, the processing programs were wmtten to assimil_'.te the raw data.

This program was al_o used during the =econd observing "window' to generate

the detailed pass predictions.

The processing program print-out is typified in Appendix I. The anomalistic or-

bital elements from the SAO acquisition Ephemeris VI are used in this program to

determine the local look an;;tes, slant range, and phase angle for each observa-

tion time. The elevation angle is used -#tth the calibration equation to determi=_e

the satellite's stellar magnitude which is then reduced by the increment of magni-

tude due to earth al!-eck_, as discussed i=_Section H. The resulting magnitude is

then normatfzed to ,000 st mi and punched cn cards, together with the phase angle,

for use later in th_ analysis programs. If it were found, uix)n comparing the com-

puted night ascensions and declinations w_th photographic tracking mIormaJ:lon

daring the observed pass, that more than a 3-second time error h=Ldaccumulated,
T

I
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I i ii=_ u

• t i

!

Table VI. Photoelectric Calibrations and AtmosphericExtinction Determinations

-r m + 2.5 logIR = a-kX

For Pass No. of No. of

: UT Date No. Readings Stars k a r a Site
-.°

5/30/64 13 55 6 0.209 5. 340 0.955 0. Ill GASPO
........ _ (WFL)

: 6/5/64 17 51 12 0.403 5.630 0.843 0.224

-- the mean anomaly equation of the orbital elements was adjusted and the program

- was rerun.

Pass 0 was reduced by a digitalcomputer to the anomalisticorbitalelements of

Echo I provided by the SAO for acquisitionEphemeris VI, of epoch 3 March 1964,

and required no correction.

Passes Ithrough 9 were machine reduced to the anomalisticorbitalelements of

Echo I provided by SAO for acquisitionEphemeris VI, of epoch 28 April 1964,

with the mean anomaly equationmodified to read M = 0.117147 + 12.573579

(t-to) + 3.107x10 -4 (t-t0)s.

Passes 11 through 17 were machine reduced to the anomalisticorbitalelements ol

Echo I provided by SAO for acquisitionEphemeris Vl, of epoch 26 May 1964, and

_ required no correction.

_ The machine analyses of the data first provided the A and B weighting coefficients

for specular and diffuse reflection by best fitting the normalized data to Equation

t 4, and then determined the specularity in accordance with Equation 5. The_e re-
sults and other pertinent i_ormation are shown printed out in Appendix II for one

l typicalpass (No. 13).

I 44

!

1964019658-057



i GOODYEAR AEROSPACE

I SECTION W... DATA PROCESSING AND ANALYSIS GER 11648

]
I Next, having found B, the satellite's magnitude was adjusted by -2.5 iog[2/3 B F(_b)]

to eliminate the contribution of diffuse reflection, and the resulting "specular

I magnitude" was printed out for each observation. Utilizing the specular magni-
tude and an assumed coefficient of reflectivity of 0.83, the indicated radius of

I curvature at each observation is determined and printed out, together with their
average radius of curvature.

I A third machine analysis was a parametric solution of the reflectivity, based on

the desired specular magnitudes. The print-out is also shown in Appendix II.

I The original manually reduced "0 pass" results were used when applicable in con-

i firming the machine processing and analysis programs.

!
!
!
I
!
!
I
i
l
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P
[ Figures 20 through 30 present the normalized Echo I magnitudes versus phase

angle for the selected passes, together with the results of each regression analy-l

t sis. These passes were selected for a variety of considerations as those most

! suitable for yielding reliable, accurate data. A best-fit 100 percent diffuse curve

was derived for each pass and is added to each graph to assist the reader in seeing

clearly the data's departure from the diffuse theory.

Table VII summarizes the results of the several independent specularity deter-

minations, showing for the visual photometry a probable error of less than 2 per-

cent, determined in the manner prescribed by Reference 12.

The mean and extreme observed radii of curvature, assuming a reflectivity coef-

ficient of 0. 83, are as follows:

Mean Maximum Minimum

R c (ft) R c (ft) R c (ft)

: Visual 51.8 72. 1 33.9

Photoelectric 48.2 61.2 39.3

The parametric solutions for indicated coefficient of reflectivity are as follows:

R c = 40 45 50 55 60 ft

Visual 1.39 1.10 0.89 0. 74 0.62

Photoelectric 1.21 0.95 0.77 0. 64 0. 54

These results and local radii of curvature determinations for the visual observa-

tions are presented in Appendix III and for the photoelectric data in Appendix IV.F
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I
I Table VII. Summarized Results of Echo I Photometric Studieson Contract No. NAS 1-3114

I SPECULARITY DETERMINATIONS

| "
Pass No. of A * Confidence Limits

A + B Probable

i No. Measurements Ind % Specularity Error .99 Level

Visual

I 1, 2 32 99. 7

I 3 22 108.2

4, 5 24 107.6

I 6, 7 57 86. 6

I 8, 9 57 104.2

11 13 92.4

13 21 96. 9

I 17 11 100.0

Accum (237) 96.8 _1.8 ±9.2
i

I Photoelectric

I 13 55 92.9

17 51 100. 8

I Accum (106) 96. 5

I *Reference 2 (Revised), 95.6 percent (18 points).

I
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I
I SECTION VI. CONCLUSIONS

I
I The results of this program indicate the following about the Echo I satellite:

(1) Its present light reflection characteristic is highly specular as it was

I at the time of launch.

(2) Its mean radius of curvature remains near the design value, though

I local variations exist.

I (3) Its total reflection coefficient is presently near the value at the time
of launch.

I These conclusions have cex rain engineering implications that include the following:

I (1) The satellite environmental factors such as ultraviolet, solar wind,micrometeoroids, and hard vacuum have not removed or appreciably

modified the reflectivity characteristics of the vapor-deposited alumi-

I num.

I (2) The forces such as solar pressure, meteorites, and thermal stresses
resulting from the satellite passing in and out of the earth's shadow

I have not appreciably affected the satellite's over-all geometry.

(3) The space environment at t..e orbit of Echo I does not degrade aluminized

I Mylar optical surfaces as rapidly as feared in the more pessimistic

estimates of the effects of satellite environments.

I In addition, this program established new techniques of photometric observation

i and measurement that will prove valuable in various important applications uti-lizing optical signatures of space vehicles. The peripheral information gained in

!
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I
I conducting this program indicates that a wide variety of scientific and military

applications exist for these techniques.

T
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I
I SECTION VII. RECOMMENDATIONS

I
I This program provided valuable information on the reflectivity characteristics of

Echo I. However, much more information for use by astronautics engineers and

I spacescientistscan be providedutilizingsimilarbutmore comprehensivephoto-

metricobservingand analysistechniques.

For example, Echo I could yield valuable additional information in the areas of

I (1) atmospheric light transmission characteristics by studying eclipse phenomena,(2) specifying passive satellite surface tolerances by relating its geometry deter-

I mined by photometry to its microwave relay characteristics, (3) refining theeffects of the space environment by monitoring its long-term time history of the

degradation of its optical surfaces, and (4) determining effects of forces acting onan earth-satellite by obtaining a time history of its orientation.

Echo II should be observed for the same phenomena as Echo I. In addition, it may
' give valuable information on the effect of the space environment on its alodine

I thermal control coating through determining its optical color signature.

B th satellites can be used to refine the measurement and analysis techniques for

[ obtaining the optical signatures of any earth satellite. Also, similar work could

be done on other satellites.

I Therefore, it is recommended that this program be extended and expanded to fully

utilize the scientific knowledge that the existing Echo satellites and the techniques
demonstrated can provide.

I
I
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I

I VISUAL PHOTOMETRY ECHO I NASA 013 WFL

I YEAR MO DA UT HT LONC LAT ALT AZ SR RA DEC HAG PHASE
1964 5 30 2 50 38.00 838.• 120.30 •7.•0 6.49 296.18 2295.5e 7 •.2 23.93 1••.1

I 196• 5 30 2 51 38.00 852.6 115.83 47.•9 10.65 296.•0 2096.3* 7 18.4 26.84 1•1.11964 5 30 2 52 8.00 859.7 113.60 •7.46 12.92 296.51 1998.•e 7 26.4 28.39 -0.173 139.3
1964 5 30 2 52 30.50 865.0 111-94 •7.40 14.72 296,60 1925.8- 7 32.9 29,59 137.9
1964 5 30 2 52 37.00 866.6 111.46 47.38 15.25 296.62 1905.0e 7 3•.9 29.94 0.527 137.5
1964 5 30 2 52 •7.00 868.9 110.72 •7.35 16.10 296.66 1873.18 7 38.0 30.49 136.8

! 1964 5 30 2 53 5.00 873.2 109.40 47.27 17066 296.72 1816-2- 7 43.9 31.51 0.217 135.6
1964 5 30 2 53 28000 87807 107073 67.15 19.77 296.81 1744.50 7 52.0 32.84 0.332 13309

i 1964 5 30 2 53 30.00 879.2 107.58 47.13 19.96 296.82 1738.38 7 52.7 32.96 133.7
I 1964 S 30 2 54 42.00 896.2 102.43 46.57 27.•8 297.09 1523.3- 8 23.7 37.40 -0.349 127.4

1964 5 30 2 55 7.00 902.1 100.68 46.3i 30.47 297019 1452.88 8 36.9 39.02 -0.031 124.8
19&_ 5 30 2 55 32.00 907.9 98.95 46.03 33.70 297.29 1384.9- 8 51.9 40.65 -0.014 122.0

1 1964 5 30 2 55 •6.00 911.2 98.00 45.86 35.61 297.35 1348,3o 9 101 41.55 120.3
1964 5 30 2 56 3.00 915.2 96085 45.64 38006 297.42 1305.18 9 13.1 42064 0.112 118.1
1964 5 30 2 56 28.00 92100 95,17 45.29 41.90 297.54 1244.7o 9 32.9 44.18 -0.171 114o7

j 1964 5 30 _ 56 46.00 925.2 93.98 45.02 44.85 297.62 1203.98 9 48.8 45.22 112.01964 5 30 2 57 9.00 930.5 92.49 _.66 48.87 297.74 1155.3e 10 11.3 46.39 0.341 108.4
1964 5 30 2 57 56.00 941.3 89.50 43.87 57.96 298.02 1070.6* 11 4.8 47.97 0.067 100.2

_ 1964 5 30 2 52 26.00 948.1 87.65 43o31 64.37 298.26 1028.5* 11 43.7 48.11 94.3
[ 1964 5 30 2 59 26.00 961.5 84.07 42.11 78.31 299.30 977.68 13 5.3 45.66 0.097 81.6

1964 5 30 2 59 59.00 968.8 82.18 41.40 86.32 302.80 970.38 13 •7.6 42.7• 74_4
1964 5 30 3 0 16.00 972.6 81.22 41.03 89.44 8•.20 972.68 14 7.7 40.88 0.125 70.6

i 1964 5 30 3 0 •0.00 977.8 79.89 40-48 83.7_ 115.10 982.68 14 33.9 37.94 65-5
1964 S 30 3 0 59.00 981.9 78.86 40.03 79.27 116.36 996.0e 14 52.6 35.44 61.5
1964 S 30 3 1 12.00 984.6 78.16 39.72 76.29 116.77 1007.9o 15 4.5 33.66 58.9
1964 5 30 3 1 26.00 987.6 77.42 39038 73.15 117006 1023.0" 15 1605 31.73 56.2

i 1964 5 30 3 1 47.00 992.1 76.32 38.86 68.62 117.36 lOSO.Oe 15 33.0 28.81 -0.322 52,3
1964 5 30 3 2 3.00 995,• 75.50 38.46 65.31 117.52 1073.8- 15 ••.4 26,61 49.5
1964 5 30 3 2 40.00 1003.1 73.64 37.51 58.19 117.80 1138.4* 16 7.6 21.69 •3.7

i 1964 5 30 3 3 11.00 1009.4 72.12 36.68 52.79 117.98 1201.5- 16 24.1 17.82 _0_0_8 39.6

1964 5 30 3 3 31.00 1013._ 71.16 36.1_ 49.57 118.08 1245.9e 16 33.6 15.47 0.031 37.3
1964 5 30 3 3 40.00 1015.2 _74 35.89 48.19 11_.12 1266.7- 16 37.7 14.45 36.3
1964 5 30 3 3 53.00 1017.8 _J.13 35.53 •6.26 118.1; 1297.6- 16 •3,2 13.02 -0.103 35.0
1964 5 30 3 • 40.00 1026.9 67.98 34021 39.89 118.36 1416.6e 17 1.2 8.25 0.174 31.1
1964 5 30 3 5 41.00 1038.4 65.32 32.44 32.88 118.58 1584.2* 17 20.5 2,92 -0.026 27.8

i 1964 5 30 3 6 19.00 104504 63072 31030 29.09 118.70 1694.1- 17 30.9 0001 -0.141 26.6, 1964 5 30 3 6 45.00 i050.0 62.66 30051 26.70 118.78 1771.1* 17 37.5 -1.82 26.1
1964 5 30 3 7 16.00 1055,4 61.42 29056 24.06 118.88 1864.5o 17 4_.8 -3.85 25.8
1964 5 30 3 7 17.00 1055,6 61.38 29,53 23097 118088 _867.60 17 45.0 -3092 2508

t 1964 5 30 3 7 18000 105508 61.34 29050 23089 118088 1870.6o 17 45.2 -3098 25081964 5 30 3 7 19.50 1056.0 61028 29.45 23.77 118.89 1875.2e 17 45.6 -4007 25.8
1964 5 30 3 7 33000 105804 60075 29004 22069 118093 1916.48 17 4806 -4-91 0.181 2507

1964 S 30 3 7 40.00 1059,5 60.48 28.82 22.14 118095 1937.9 17 50.1 -5.33 25.7
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,4

VISUAL PHOTOmeTRY ECHO I _IASA 013 WFL

21 POINTS

M_AN _AGNITUOE 0.0608|

SIGMA OF THE _AGNITUDES IS 0.21158

CORRELATION COEF. IS O.[§30B

STUOE_TS T IS 0.70150

' _AGNITUOE FOR 6 | 0 1St 0.02069f
_._V_t_9 COEF, OF REFLECTIVITY 0'83000 /

t ReoResslo_A IS 3.72956

:_ eegReSSIONe-IS- ...... 0.12222 .............................................................................

_ t SPECUCA_ITY.F_OMueG_essibN ..... 0;9iai6 .....
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I
I

I .A_N-i_OE....... ANGLe "AG.-_._...... .SP...... _AOIUS ......

I
1 -0017292 139033871 2.67664 -0.17020 56,50673

i 2 0.52743 137.50490 2053808 0,53333 40,868983 ___(_.7,J.7__d' 135,57160 ...... 2,390._0_Z_..... _,2.22_1 _ _7,15828 .......................
4 0033177 133085040 2028027 0,33802 44,7152P
5 -0,34093 127,35389 1,87297 -0,34407 61021741

i 6 -0003145 124.77015 1.72630 -0.02399 520827377 -0001360 121,95255 1,57517 -0,00488 52_36446
8 0011163 118010464 1038108 0012334 49036202

- 9 ___17127 . 114.68365 1022158 ... -(._Q.SJ ...... 56.2631.5 .........10 0.3_118 108041589 0.95274 0.36276 44.208e8
11 0.06747 • 100_170_ .... 0-_4117 0.08982 50,12990
L2 0009724 81.63482 0007891 0013609 49.07306

13 0.Z2455 70_64583 -0.18220 0.17550 40,1904414 -0,32173 52,31017 -0,52135 -0,27567 59031914
........ 1_........ -._.Q_,__LT__JE__J_ .... -0069417 ...... __.Q,_0.}177 .... JD,_61 ..........................

t 16 0003072 37.25996 -0.72081 0.10841 49.7026317 -0010339 _.3_-_8062._ -0,7452_ -0,03341 53,05710
18 0.17434 31008615 -0.78352 0026801 46.15917

i 19 -0,02616 _ 27,80003 ...... -0.8!245 0.05415 50086016
l 20 -0014058 26060744 -0082219 -0.06790 53,90655

..... 2| .......... 0018079 25073860 -0,82g03 ____ ........ _ .....................................

i ....................... __
_'_ _//_.

_ _10IUS 15 50.37136 _E_N _AG IS -0007939

RAOIUS INDICATEO REFLECTIVITY
_ 40 ...... 1..3162121 ...............................

45 10039969g
50 0.872375J5 '
55 0.6961785

t

.,

87

I
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I
!

Cv_v,.,_T,w" VISUAL PHOTOIqETRY ECHO ! _ASA _T 1_ /A/_rs_/.ro,e _.H._-,_,,,_,,,/._

.EAN.A_NITUOE '0'0 tii2 ....
j SIGRA OF THE INAGNITUOES IS 0.?.7179

i CORRELATION COEF. IS 0,0_016
STUOENIS T IS 1.36798

f MAGNITUOE FOR 6 It 0 ISt -0.05128

CCEF. OF REFLECTIVITY 0.83C00- _ _s_,//v, uo /--oX Ral>,vs o_ ¢,.<_/_rv_r- i:)C;"Ce_.,,,v_qr,,,,r..S

REGRESSION A IS 6,C5ggl

i +_-_&ess-i-oNB IS 0.13Zlt
_111" ........

|_ SPECULAR _ FROM REGRESSION 0.968'7 ---- _'6'._ _'o P,_o6.'F6"_ L%£_,,( _ 0/.,9' e'J'o (_,_.,..,_ ,v'..t'.;_,. o,v',_/')

.............. tT. &_ .._,_ "/b_'_ ............................

....

I _ _¢_#,_"7_1c ,s'_ • _ T,,o_ .................................................
RAI_-IUS- INDICATED REFLECTIVITY

_0 103910761 _ ,_o,_,_,_ _,vv_ _^,_-e,,-,,v_.,_,-r / v,'J.,_, [qe._ _/,//_v _y _c..o_._,_

I 4S 1,099753850 008908008 . _ - - (: ©,_,_',_ _,_,r,_ t_s_,'/,_[,V_,-,,sr pe+oroe_ec_,¢,c ?. _ss_'J : 9_.5_
SS 0.736|991

I .....

|

I
I
I
I

1964019658-085



I NIGNITUOE ANGLE MAG. A|O MSP RAOIUS

1 -0,19410 ZZ,22898 -I.02614 -0.lL687 55.13592

2 0.02506 31.50084 -0,95332 0.11373 49.58091
____ -0.[QT4A 70._7B44 -0.361_ -__._LS6.41 ....... _..._20

4 -0.21345 87.25086 0.05800 -0.18618 56.92416
5 -0.03487 94,36310 0-27264 -0,00850 52.45188
6 -0.11243 101.70537 0.52223 -0.09298 54.53275
7 -0.30456 114.54914 1,04181 -0.29453 59.83651
8 -0.126_5 119.39347 1.27135 -0.11727 55.14603

-____ZI_ 127.37567 IJ_O_Q._____ -o.5170_ ..... __66.293_(1
10 0.05096 131.6_829 1.96179 0.05693 50.89504
11 -0.13777 136.85309 2.91670 -0.13416 55.57664
12 -0.20954 32.10863 -_.94756 -0.13313 S5.56562
13 -0.10713 34.76629 -0.92113 -0.03136 53.00701
14 0.11765 37.30425 -0.89399 0.20920 47.44832
.I_ -0,_.8752 39.76869 -G,,6658Z ...... -__D.205_0 .... 57.440_b
16 -0.50162 44.77369 -0_80331 -0.45519 64.43142
17 0.07789 46.35436 -0.75400 0.15496 48.64837
18 -0.08602 51.63626 -0.70542 -0.02305 52.80457
L9 0,17745 57.85644 -0,60415 0.25091 46.54555
20 0.22441 61.60451 -0.53343 0.29623 45.56425
2.2 -o.82248 67,29016 -o.42649 o.o_nnn ..... Sl,_b_A
22 0.11811 72.53083 -0.31440 0.17087 46.29321
23 0.08122 78.42167 -0,17607 0,12596 49.30258

84.75478 -0.01162 0.12613 49.2985224 0.08757
25 -0.05774 91.62025 ....... Q.18669 -0.02978 52.96836
26 -0.02193 97.77226 0.36475 0.00211 52.19616
27__ -0.03656 10A._1756 0.77508 . -0.02211 ..... 52,781.6-6-
28 -0.12454 115.35041 1.07835 -0.11306 55.03926
29 -0,04189 ___ 119,__1_.2_ 1,27219 _-0,03153 53,01114
30 0.07063 122.51853 1.43119 0.08055 50.34431
31 0._9273 127_08512 1_6366 0.10075 49.87825
32 0.03051 130.54052 1.89166 0.03676 51.36999
33 __-0.10585 _0.47938 -0.9627A -(1..__J_]._. ..... _.,._a_8..,_L
34 -G,18159 31,50199 -0.95331 -0.10682 54.93179
35 -0.23848 33.05925 -0.93834 -0.17052 56.51500
36 -0.04004 34.75395 -0.92125 0.04075 51.27558
37 0.12585 37.0_113 -0.89689 0.21838 47.24810
38 -0,21023 42.25949 -0.83_65 -0.14690 55.90378

..19_....... 0.O0A05 49.R40_2 -0.73_41 0.0_59 _-38749
40 0.06798 57.63811 -0.6079_ 0.13441 49.11090
41 -0.58176 61.69127 -0.53553 -0,54611 67.24839
42 -0.i2646 67.52392 -0.42170 -0.06010 54.21013
43 0,15640 77.48236 -0.19904 0,20546 47,52999
44 -0.22169 83.75911 -0.03861 -0.19208 57.07893
__ -Q...28.9.._ .... 94.14|99 0-_&87.__ .... "___90.12_418.3_______9
46 -0,22184 100.40606 0,47581 -0.20350 57.37999
47 0.08871 111.57624 0.91084 0.10505 49,77954
48 -0.37974 118.71656 1.23799 -0.37192 62.00752
49 -0.36061 121.77287 1.3921_ -0,35371 61,48964

50 -0,17309 129.16708 1.80711 -0.16749 __

52 -0,24140 137.28359 2.34812 -0.23621 51.30461
53 -0,20993 14t,32565 2,66067 -0.20747 51.48502
54 -0,_3577 144.96337 2.97365 -0.53440 66.82539

-0,46855 7_,_4712 -0,2_761-_. -0,43791 63,9209155
56 0,00551 86.51569 0.03720 0,03963 51+30216
97 _._Q?R& ql.Al_A! fl.19_7; fl.l_flflfl Aq.)lflAq
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I
5| -0.07451 gT.|O491 0.38585 -0.05164 53.50433

53 .... -9,12.150 ........ 103,?_4_24 JD,50720 -0,10555 54,|491960 -0.06gg7 106.8698_ 0.717_3 -0.0530g 53.54010
61 ._ ...... _]L26,_dL4 ...... 1,J45721 + _G,5014_ 65.81966
62 -0,13926 128,04421 1,73985 -0,13312 55.55000

64 0.]5086 55.69601 -0.64070 0.44066 42.65094
, 65 -0.D5223____J_t._[J_L ......... .0.545_ 0,00365 52.15925

66 0,41160 64,22182 -0,4875e 0.49379 41,62005

I 67 -0,03067 _ ,0,_2244 O.01068 51.gg07068 0.11564 71.53080 -0.$]656 0.1693g 41.32614
• g n. tA2;A _ 14-qQ_A -n._Rn7 0.?1461 673,.33.41t.21
70 0.02727 79.66022 -0.14523 0.06858 50.62264

I 71 -0,02632 84,_9841 -0,01861 0,00057 52,0411572 0.06849 89.81339 0.13248 O.lOlSg 49.85891
73 0.18257 93.88277 0.25735 0.21534 47.31(_
74 0.19659 100.83184 0.49091 0,22328 47.14135

76 -0.09654 112.62628 0.9+629 -0.08335 54.29130
77 -0.00218 117.1249_ _ 1,16124 0.00973 52,01339
78 -0.020_5 123.51_95 1.46423 -0.01227 52.54300
7g 0.38214 59.70850 --0.§7161 0.46|7_ 42,10295
80 -0.18955 62.41993 -0.$2194 -0.14154 55,76587
61 -0.57_14 72.16774 -_.32_69 -_._6_4 _7.1_2A_
82 -0.23329 78-34976 -0.17784 -0,19902 57.28563
83 -0.10492 81.38443 --0,1012_ -_.06590 53.95607
84 -0.08785 88.1673_ 0.08428 -0.03793 5],65953

05 -0,13311 ?0.695_0 0,15198 -0,10636 54,86_71
86 0.08213 95.13032 0.29758 0.11086 4g.64646
B7 0._1727 g7._7 G.37&_B O._7_& 4fl.41g21
88 -0,20332 98.80011 0,42012 -0.18367 56.85141
89 0+.161LLO.... 100,._l.0_80 g._+_33+4_7 _ _19_411 ...... _77907
90 0.33234 102.39432 0.54726 0.3610g 44.24288

91 _.2691.TL 104.88448 (l,J_t022 ......... O.Zg400 _t._63104
92 0.23296 106,55202 0,?0472 0.25559 46.44546

94 0,34856 111.60612 0091212 0.36934 44.07313
95 _ _-_1,037_______1L&,87559+ ____L,OIL51 ......... _.0_44_ + J3,32727
96 0.41887 116.46597 1.13014 0.43698 42.7232g

_ -Ot+G3]____IIJ_2_ .... 2_._929§+ _.02221 S2.783g7
g8 -0.48416 120.71562 1.33777 -0.47768 65.10+45

100 -0.34616 56.2411g -0.63162 -0.30022 59.99368
101 .... _.22210 S&.qBgOS -J2,b.ILgD_ .... -_O..JJ_ 5JL_54606
102 -0.0806g 51.04353 -O._OOgl -0.02337 52.81220

! 103 _O.J35GG .... _5_51.351_03_ ........ -_.5752G ...... -O.2gOgB .50.73|76
104 -0,24427 60.79161 -0.55206 -0.19736 57,21795

106 -0.00680 63._4079 -0,49301 -0.04581 53,36092107 .-0.2946_ .... .65..J,_46_ ....... _13..._tg.15 -0.25324 38.70958
101 -0.04606 6T.4gg43 -0.42220 0.00397 52.15146
10g _0.471.fI_ _ __._6.'_L.,_L100_ ......... _.0._38860 ....... _0_44575 __ . 6_.15197

i 110 -0.36795 72.53031 _G.3Z423 -0.33453 60.94904
112 -0.02972 77,4819_ -0.10005 0,01147 51.97_74
113 -0,10362 84.05000 -0,03077 -0,07079 53,978]2

i 114 -0.2421x 86,71745 0,04288 -0.21518 51,68955113 -0,43146 gl.08828 0°17071 +-0,41142 63.14576
116 0.0064_ 95.52831 0,31025 0.03295 51.46011

+ _ 118 -0.07g70 106,45271 0,70083 -0,06272 5],77795
+ • _Ig ......... -+0...09.682.___5 O,.I055L ..... -0.O1.165 _ 54.24895

120 -0.07044 111.1362g 0.8g205 -0.05610 53.6141g

I 121 ._ _ _1613 ....... _113..1213A ...... 0.9_802. ..-0.19196 57.07593+_ 122 -0,11217 115,21113 1,07201 -0,10049 54.72157
l_t n+l_tl& 111_Alqqn 1.=1_q n.t_q&q+_ 6o.na_on

|
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124 -0.32429 121.43665 1037473 -0.31703 60.45993
125 -0.42105 124.80772 1.55478 -0.4_543 63,262_0
126 -0.24475 125.86740 1.613q9 -0.23849 58.31210
[z7 -0,302|8 126.99430 L.67842 -0.29659 59.89326
128 0.00735 128.16q00 1o74724 0.01434 51.q031l
129 -0.16210 Z29,gqQ]3__ 1,8_660 -0.15669 56.15629
130 -0.2g574 |31.96680 1.98228 -0.29149 _9.7%284
13! -0.,9968 133.13228 2.05855 -0.1953_ 57.10509
132 -0.3_866 133.93509 2.11231 -0.33504 60.96373
133 0.00778 135.30601 2.20853 0.01235 51,95054
134 0.21405 136.18364 2.26851 0.21927 a7.22868
135 0.55709 137.56494 2,36_8q 0,$6362 60,30298
136 0.60389 60.0318£ -0-5_581 0.71051 37.66675
137 0.34122 60.39619 -0.55924 0.42351 62.98909
138 0,59393 60.7738| -0.55239 0.698]7 37.88169
139 0.C3868 61.[63_1 -G.54563 0.09959 6g.qO692
140 0.08047 61.70923 -0.53520 0.1_32| 68.9122_
141 0,I5862 62._)_2B_ ...... -D.SZ3_B ...... 0.22567 67°C8986
162 0.10386 73.41903 -0.29460 0.15695 48.66874
]43 0.31471 75.0q_5_ -0.25583 0,37483 ¢3.96319
166 -0.04315 77.93120 -0.18811 -0.00289 52.316S0
145 0.29637 86.8655_ 0.04650 0,3607_ 64.65g27

146 0.25441 93.27237 0.23608 0,29009 45.71325
!67 0,2[693 9_.19690 Q.29961 0°24740 46.62087
148 -0.02568 96.97195 C.35786 -Co001t2 52.27376
149 -0.00867 102.69026 _.55810 0.01206 51.95796
1_0 0.28253 109.52681 0.82_55 0.28333 45.85575

15! 0.20728 |11.75990 0.91872 0.22539 _7.09_92
152 -0.1260! 112.94806 0.97039 -0.11334 55.04637
153 0,G5816 _ __ It_L_Jk]-l_ . 1._3261 _ __ 0,07233 50.53532
154 0.£2121 116-66832 1.13965 0.43920 42.67963
!55 0.27069 |[8.50625 [.22762 0.29322 65.64755

156 0.33454 121.84587 1.39594 0.34163 44.5;795
157 0,4626q 122.70537 |._4106 0.476_3 41.9_650
158 C.72582 123.75779 1.49738 0.74294 37.108_7
1_9 0.56669 ___ 1Z_96 .... I._Z_IL ..... Q.58Q66 39.99205
160 0._2270 126.23723 1.6349t 0.94079 33.87677 _-- /_//_ o JsceJ_o

161 0.79779 127.70096 1.71961 0.81269 35.93569
162 0.78603 128.74441 1.781_0 0.79994 36.14701
163 -0.16069 54.6321& -0,65490 -0.10476 54.82931
164 0.22744 55.44532 -0.66485 0.30754 45._4734
165 0.L98_5 55.B_BLO -0,_3601 _ Q.2_5_6 66.¢_2070
166 0.J6C7_ 56.46843 -0.62780 0.42857 42.88913
167 0.40198 56.9101_ -0.61932 0°49438 41.60868
168 0.27920 57.81217 -0°6C691 0.36_21 44.26065
|69 0.09853 58,81596 -0.58763 0.16560 48.41656
170 0.27320 5q.96373 -0.56704 0.35089 44.45215
/71 0,21954 61,39556 __ -0.56100 0.29156 45.68272
172 -0.03712 63.28454 -0°50559 0.01747 51.82837
173 -0.02288 67.86279 -0._1472 0.02790 51.57998
L74 0.16q59 71.99695 -C,32628 0.22561 47.09115
175 0._1764 75.39437 -0.24884 0.06276 50.75841

176 0.16048 78.63686 -0.17076 0.20844 47°46494
177 0.28002 81.10658_ __ -0.10847 0.33066 66.86764
178 0.222_ 85._0106 0.00613 0.26593 46,2267?
119 0.15854 88.2_233 0.08761 0.196|0 47.73550
180 0.26191 96.07138 0.32803 0°29494 45°61124

l_l -0._6966 103.88288 0.60235 -0.05C86 53,48501
182 0.25175 107.50573 0.76246 0.27398 _6.05368

183 -0.06978 109.4656L 0,82202 _ -0._3418 53.07513
186 -0.01_23 113.16755 0.97_18 -0.00130 52.27829
185 0.07742 116.76606 1.14426 0.09044 50.11553
186 0.0_217 118.37565 1.22135 0.06401 50.72918
187 -0.03619 120,44662 1,32412 -0.02627 _2.88276
188 0.08032 122.55097 1.43290 0.09032 50.1184_
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190 -0,274J3 129.25701 1.81257 -0,26926 59,14426
191 -0.15521 131.58144 1.95150 -0.15026 55.99026
192 -0.64633 133.88_04 2.I0880 -0.64359 70.27150
193 0,23832 125.I1958 I.57207 0.24Ea9 46.59750
|94 -0,46787 72.46452 -0,3158B -0,43738 63,90537

196 -0,20078 60,q0873 °0,54993 -0,1520_ 56,03531
197 -0,05695 56,60306 -0,62554 0,00306 52,17343
198 -0.04438 52.54155 -0.69143 0.02026 51,76172
199 -0.15768 45.56911 -0.79268 -0,09_77 54,5_261
200 -0,52026 43,65326 -0,81795 -0,47379 64,98588
201 ...... _.8/L .... __4L1.,.225{12__.-n.Rae_ .... Q_DZCgb__ __ 5Q,56720
202 -0,36753 39.36945 -0,87055 -0,31113 60,29583
Z03 0.05750 _?,09713 -0,89628 0o14410 48,89224
204 -0,34308 35.76868 -0,91063 -0,28313 59,52332
Z05 0,07991 34,97074 -0,91901 0,17035 48,30491
ZGo -0,17292 139,33871 2,50297 -0.16998 56.50095
207 _ D,527¢3____JL37-Sa_90__ 2.364_J G.63382 40.E5990
208 0,21747 135,57160 2,22515 _.22293 _7.14934
209 0,33_77 133,85040 2,10659 0,33853 44,70476
210 -0,34893 127,35389 1,69930 -b,34367 61,20624
211 -0,03145 124,77015 1,55271 -0,02338 52,81254
212 -0.01360 121.95255 1.40150 -0,00417 52.34727
213 D,11163 __llB,/0-1b-tL ........ 1_.-E821 ...... _.12_10 49,39022
214 -0.17127 114.68365 1.04791 -0.15996 56,24100
213 0,34118 108,_1589 0,77907 0,36453 44,)7273
216 0.06747 100.17035 0.46749 0,09166 50,08742
217 0,09724 81,63482 -0,09476 0,13_31 _g,00023
218 0,12455 70.6458_ -0.35587 0,17976 48.0960_
219 -0,321]_ .... S2.]I_LL __ -_._9_02 ___ -__13_7.7J_11_ _ 59,21439
220 -0,01756 39,60106 -0,86734 0,06088 50,8025?
221 0,03072 37,25996 -0,89448 0.11498 49.55230
222 -0,10339 34,98062 -0,91891 -0.02751 52.91310
223 0.17434 31,08615 -0,95719 0,277_0 45,9876_
22_ -0,02616 27.80003 -0,98612 0.06096 50,80062
225 -0,14058 . 26._a_7_-_L ..... -0,99586 -O,06177 53,75440
226 0.18079 25.73860 -1.00270 0.28885 45.73951
227 0,00508 95,C0352 0,29322 0,03193 51.48432
228 -0,05135 86.55782 0,03839 -0.01904 52,70699
229 -_,71804 32,38889 -0,07505 -0.69874 72.07910 "_--- _ C_,_c#_O
230 0,02324 72.94829 -0,30508 0.07107 50,56467
231 -0.0194_ ..... 69_262_331 ...... _,385_8 ........ 0,0_013 bl.52704
232 -0,05336 61.23997 -0,54386 0,00237 52.18984
233 -0.19570 56,90008 -0,62051 -0,14332 55.81159
234 -0.06461 52.84772 -0.68664 -0,00149 52.28269
235 -0,28494 50.52293 -0,72226 -0.23194 58.13638
236 -0,32116 48.63003 -0,75005 -0.26858 59.12567
237 -0.180_ _L_.671_0 ...... -[1,E1722 _C,11685 55,13548

RIDIUS IS 51.79895 ME&N NAG I$ 0.01870
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CUMULATIVE PHOTOELECTRIC RUN ECHO _]_ /_;v_srlGA_o_." C', _, /_0_5

106 POINTS _ pAs_S_ _o, /_ _ 17

MEAN MAGNITUDE 0.13504

.............................SEGNA OF THE MAGN|TUDES IS 0.17178

J CORRELATION COEF. IS 0.15596
STUDENTS T IS 1.6054S

I ......................
MAGNITUDE FOR 8 t 0 IS. 0.12138

COEF. OF REFLECTIVITY 0.83000,E-_5_ _o_ ,_1_5 _ c_v_ rJ_ _eTf,_,_,_J

i REGRESSION A IS 3.65301

i REGRESSION e |S 0.12385
SPECULARI_ FROM REGRESSION 0.96538 = 9_.5" _o

!
Io_ FMor_ffcffcrNic poINT5

! -p_R_Meralc 5ouur/oM

RADIUS INDICATED REFLECT|VITY
40 1.206020_

I 65 O.gS2g06750 0.7718S30
55 0.6378951

i 60 0.5360090

I
I
I
I
I

?S

I
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| MAGNITUOE ANGLE HAG, A|O HSP RAO[US

1 0.56?52 106,77883 0.87536 0.59622 39.70242
2 0.45915 106.12054 0.84957 0048572 41.77501
3 0.42021 105,56353 0.82798 0.44635 42.53924
4 0.23078 104.77841 0.79789 0.25332 46.49401
5 0.22929 101.08136 0066152 0.25485 46.46134
6 0.20491 100,38258 0.63669 0.29195 45.67425
7 0.15249 99.30739 0.59905 0.17771 48.14148
8 0.06771 98.70277 0.57818 0.09147 50.09184
9 -0.00695 97.60798 0.54092 0.01600 51.86347

10 0.21640 96.50100 0.50392 0.24565 46.65053
11 -0.00141 95.50213 0.47111 0.02320 51.69160
12 0.17242 94.24252 0.43051 0.20248 47._9530
13 0.11599 93.48536 0.60650 0.16516 48.8c854
14 0.57174 92.20361 0.36653 0.61815 39.30367 "_--/_'^"_'_
15 0.20256 91.16689 0.33481 0.23638 66.85821 pE_C_
16 0.09309 89.73623 0.29191 0.12486 49.32735
17 0.09182 88.69002 0.26116 0.12648 49.33604
18 0.16968 88.15499 0.26564 0.20532 47.53306
19 0.21936 87.36297 0.22291 0.25751 46.60642
20 J.38512 86.17269 0.18930 0.43112 62.83872
21 L.18575 85.08503 0.15914 0.22499 67.10452
22 0.46018 83.88048 0.12637 0.51257 41.26171
23 0.11002 83.05148 0.10418 0.14850 48.7932?
24 0.11861 82.24846 0.08298 0.1581_ 48.57624
25 0.08439 81.56451 0.06513 0.12336 49.36152
26 0.02279 80.60627 0.04046 0.06044 50.81286
27 -0.02622 79.64517 0.01610 0°01057 51.99334
28 0.11348 78.82353 -0.00642 0.15623 48.61995
29 0.18951 77.02362 -0.04841 0.23737 46.83674
30 -0.00385 75,77980 -0.07806 0.03718 51.35989
31 0.38045 75,08591 -0.09434 0.4_031 42.65792
32 0.17025 74.11592 -0.11678 0.22038 47.20472
33 -0.01869 73.42161 -0.13263 0.02390 51.67497
34 0033609 72.17583 -0.16059 0.39720 43.51318
35 0.15265 71.34961 -0.17882 0.20492 47.54187
36 0.29760 69.12014 -0.22676 0.36033 64.25823
37 0.34948 67.88201 -0.25261 0.41702 43.11787
38 0.06986 62.71226 -0.35473 0.12694 49.28027
39 0.05045 61.50581 -0.37725 0.10770 49,718_9
40 0.32538 60.18095 -0.60142 0.40143 63.42845
41 0.31146 59.12021 -0.4203_ 0.38788 43.70040

42 0.09615 57.54943 -0.44772 0.16005 68,53441
43 0.18707 56.38696 -0.46746 0025806 46,39258
46 0.07597 55.74428 -0.47819 0.14050 48,97341
45 0.12299 46.66386 -0.61604 0.19993 67.65119
46 0.28750 46.32142 -0.62C75 0.37798 43090007
47 0.35948 45.87343 -0.62686 0.45702 42.33091
48 0.26409 45.42891 -0o63285 0.35359 44,39588
49 0.18398 44.655?2 -0.64315 0.26769 46.18761
50 0.40404 44.21322 -0.64896 0.50806 41.34749
51 0.37562 43.78246 -0.65457 0.47737 41,93597
_2 0.26099 140.22567 2.73413 0.26485 46,24772
53 0.27919 139.99300 2.71576 0.28318 65.85892
54 0.17623 139.39926 2.66938 0.18002 48.09019
55 0.14520 139.12595 2.64827 0.14896 48,78310
56 0.14020 138.78665 2.62226 0.14403 48.89390

_7_ ..... O..l_zS.e_ .... L37,9527_ _ __2_56011_ _D_LIZ106 i6,,2_4170 ....

"/6
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58 0.10868 137.50490 2.52613 0.11275 49.60342
_.,il_ 59 0.11577 136.96969 2_68690 0.120C1 49.63768

I 60 0.12702 136.28132 2,63721 0.131_I 49.17666
61 0.13385 135.78648 2.60202 0.138'2 69.01822
62 0.07511 135.20776 2.36139 0,079t0 50.364U9
63 0.09032 136.83816 2.33576 0.09508 50.00849

t 64 0.13573 136.00493 2.27876 0.14397 68.96291G5 0.15664 132.08156 2.15141 0.|6265 48.47654
, 66 0.16065 131.49140 2.11346 C.16669 68.38629

67 0.09808 131.01843 2.08342 0.10414 69.80043
68 0.12281 130.09128 2.02544 0.12935 49.22558
69 -0.01684 126.66192 1.708_ -0.00712 52.41857
70 -0.20061 123.67165 1._6_4 -0.19358 57.11838
71 0.00882 121.95255 1.56322 0.01784 51.81938
72 -0.02988 120.38851 1.48290 -0.02050 52.74259
73 0.00557 119.13742 1.62039 0.01586 51.86729
76 -0.06576 117.31189 1.33185 -0.03513 53.09915
75 -0.18926 115.80816 1.26119 -0.17933 56.74480
76 -0.04359 113.23269 1.16665 -0.03093 52.99638

i 77 -0.13830 112.33837 1.10566 -0.12627 55.3752078 0.06724 109.54672 0.98709 0.08348 50.27646
79 0.07190 107.92372 0.92092 0.08926 50.16320
80 0.25273 104.34732 0,78155 0.27609 46.00907
81 0.06159 100.17035 0.62921 0.08612 50.26170
82 0.17106 95.33606 0.66571 0.20009 67.66770
83 0.01230 86.83911 0.20804 0.06617 51.19499
86 0.18966 85.55126 0.17200 0.22837 67.03137
85 0.29828 77.23366 -0.06335 0.35106 66.66776
86 0,25697 75.69036 -0.08017 0.30952 65.30605
87 0.24580 66.32869 -0.28627 0.30887 65.31959
88 0.52672 62.14171 -0.36566 0.61581 39.34583
89 0.31482 60.71352 -0.39177 0.38942 63.66936
90 -0.09539 30.61284 -0.79983 -0.02096 52,75326
91 -0.12866 27.87960 -0.82375 -0.05685 53.58350
92 -0.05521 27.19351 -0.82961 _.024]& _1.66400
93 -0.23032 27.00867 -0.83092 -0.;o,88 56.3?659
96 -0.60086 26.69260 -0.83506 -0.36326 61.194_5 _ /_/'_'_" _
95 -0.1929_ 26.01122 -0.83886 -0.12252 55.2795_ _E_

96 0.03157 25.96131 -0.83941 0.11887 _ 49.46377
97 -0.26367 25.79562 -0.84055 -0.19773 "s_.2277'9
98 0.12136 25.75936 -0.84083 0-21663 _ 67.286A9
99 0.07186 25.74763 -0.84092 0.16273 68.47463

! 100 0.05762 133.65965 2.24206 0.06266 50.76082
• 101 0.1168? 132.73879 2.19628 0.12037 69.42247

102 0.12218 102.56497 0.71522 0.16618 -8.89050
103 0.13207 98.07962 0,55689 0.15780 48.5_479

: 104 0.10167 93.11991 0.39502 0.13055 69.19828
105 0.08536 88.96803 0.26928 0.11758 69.69310
106 -0.13150 28.S8083 -0.81781 -0.05833 53._6936

_pEc _ cj_
RAOIUS 15 66.21675 FT MEAN NAG IS 0.17631A

i

1
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